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Summary
Objective: The aim of the study was to assess the relationship of the radiographic joint space width (JSW) in the hip with age and a variety
of physical parameters in a clinically non-arthritic population in order to identify potential age-related changes.
Design: One hundred and eighteen patients (58F/60M, age range 20–79 years) who underwent supine abdominal radiography for
non-rheumatological indications and had no hip pain were evaluated. Height, weight and leg lengths were measured. JSW was quantified
manually by a dial caliper, and femoral head diameters were determined for each hip.
Results: Overall, JSW was 3.61 mm±0.58 (mean±SD) in the right (R) and 3.63 mm±0.59 in the left (L) hip (range 2.34–6.1 mm). There was
no age-related decline in the JSW, either by decade (P0.5 and 0.6, for R and L hips, respectively), or by individual age (Spearman’s
0.108 and 0.057, P0.3 and 0.5 for R and L hips, respectively); similarly, no age-related changes were observed when each gender was
analyzed separately. Women had significantly narrower hip JSW than men (P0.001 and 0.01, R and L hips, respectively). However, gender
was no longer significant after height was taken into account (P0.26 and 0.45, for R and L hips, respectively). JSW correlated significantly
with height, weight (which also correlated with height) (r0.31/0.27 and 0.29/0.28 for height and weight R/L, respectively, P<0.004 for each),
but not with body mass index (P0.62 and 0.57, R and L, respectively). Hip JSW significantly correlated also with femoral head diameter
and leg length (r0.38/0.29 and 0.25/0.19 for femoral head and leg length, R/L, respectively).
Conclusions: No effect of aging was detected on the radiographic JSW of the hip among normal individuals even at advanced ages. In
contrast, height, femoral head diameter and leg length were directly related to JSW.
© 2003 OsteoArthritis Research Society International. Published by Elsevier Science Ltd. All rights reserved.
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Introduction
Quantification of progressive narrowing of the radiographic
joint space width (JSW) in the hip is a validated method to
evaluate osteoarthritis (OA) longitudinally. Among patients
with OA, even asymptomatic OA hips have been shown
to undergo progressive narrowing over time1. It remains
unclear, however, whether this narrowing is peculiar to hips
with underlying degenerative disease of the cartilage or is
merely a result of the normal aging process. Although the
mechanical and biochemical properties of cartilage change
during aging2,3, these alterations are distinct from those
observed during the course of OA4. The radiographic JSW
has been considered to be a surrogate marker of articular
cartilage integrity. The effect of aging on the radiographic
JSW has been studied in the knee, shoulder and hip
joints5–9. Although there appears to be a steady decline in
the JSW of the knee with aging, the JSW of the shoulder
does not appear to decline5–7. The results of prior studies
assessing the JSW of the hip have not been consistent8,9:
there have been suggestions of increases among men with
aging8, others have reported no significant changes
with aging9 or a slight decline10.
We have previously described and validated a highly
reproducible and precise method to quantify the radio-
graphic JSW of the hip among subjects with OA1,11. In this
study, we have adapted that methodology to assess the
effects of age, height, weight, body mass index (BMI),
femoral head diameter and leg length on the radiographic
JSW of the hips in a clinically non-arthritic population.
Patients and methods
PATIENTS
Patients aged 20 years and over, who were referred to
Gazi University Hospital Department of Radiology for
supine abdominal radiography for non-rheumatological
indications were questioned for a history of hip pain and
screened for eligibility if they had no such history. Exclusion
criteria were symptomatic hip OA, history of inflammatory
arthritis, prior hip pathology and lower extremity ampu-
tations. The protocol was approved by the Gazi University
Ethics Board, and each subject provided written informed
consent. Physical parameters obtained included height
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(cm), weight (kg) and leg length (cm). Leg length was
defined as the distance between the anterior superior iliac
spine and the medial malleolus. Standard supine abdomi-
nal radiographic views were performed, with the modifi-
cation that the legs of the subjects were positioned as if
they were anteroposterior pelvic radiographs, in extension
and at 15° internal rotation. The distance between the X-ray
source and the radiographic film was 100 cm. Each radio-
graph was defined as adequate if there was visualization of
the entire joint space between the femoral head and the
acetabulum.
RADIOGRAPHIC MEASUREMENTS
Hip JSW was quantified by adapting a technique
previously validated using standard AP pelvis radiographs1
to supine abdominal X-rays. In abdominal radiographs, the
X-ray beam is directed perpendicular to the center of the
film located in the mid-line at the level of the lower costal
margin in the mid-axillary line instead of perpendicular to
the pelvis12. Patient positioning was performed by one of
the authors, and the distance between the X-ray source
and the film was standardized. JSW was defined as the
narrowest point between the cortical surface of the
acetabulum and the bone contour of the femoral head1.
Measurements were performed by a single observer (BG)
using a dial caliper scaled to 0.02 mm increments (Fig. 1).
To assess intraobserver variability, the JSW of the left hip
was quantified in each of 20 abdominal radiographs in
random order, three times on separate days. The mean
coefficient of variation was 2.93%. JSWs of the right and
left hips were measured separately while blinded to the
contralateral JSW, as well as to age, gender and demo-
graphics. Femoral head diameters were determined for
each hip using plastic templates of known diameters.
Radiographic grading of OA was performed according to
the method of Kellgren and Lawrence (K–L)13.
STATISTICAL ANALYSIS
SPSS for Windows (version 10) was used for data
management and statistical analysis. The estimated
sample size to detect a Pearson correlation coefficient of at
least 0.3 with a power of 80% was 85, and with a power of
90% was 113 (with a two-tailed α of 0.05). Right and left
hips were analyzed separately, since measurements for
right and left hips cannot be considered independent,
and the statistical methods that were used required
independence. The non-parametric Kruskal test was used
to compare age decade groups with respect to JSW, which
had a statistically non-normal distribution. One-way analy-
sis of variance (ANOVA) was performed to compare the
sites of measurement with respect to weight, height and
BMI, which had approximately normal distributions. The
non-parametric Mann–Whitney test was used to compare
men and women, as well as presence of radiographic OA
(K–L grade 2) and non-radiographic OA (grade 0 and 1),
with respect to JSW, and the chi-square test of association
was done to compare men and women with respect to the
site of measurement. Since JSW and age both had statis-
tically non-normal distributions, non-parametric Spearman
correlations were used to assess linear relationships
between JSW and age, and between the right and left
hips JSW. The non-parametric Friedman test was used to
test for differences between the right and left hips JSW.
Pearson correlations were obtained to investigate linear
relationships between JSW and height, weight, BMI,
femoral head diameter and leg length, all of which (except
JSW) had approximately normal distributions. Multiple
regression was performed to evaluate the effect of gender
on the square root of JSW after taking into account height,
with gender treated as an indicator variable. The square-
root transformation was performed to obtain approximate
statistical normality. A P-value less than 0.05 was taken as
significant.
Results
One hundred and eighteen patients (58 females, 60
males) were evaluated. Ages ranged from 20 to 79 years,
with a mean of 44.0±16.3 years (mean±SD). Demographic
characteristics of the study group are provided in Table I.
Adequate radiographic views of both hips were available
for 115 subjects; in three only the left hips were adequately
visualized.
Overall, JSW was 3.61 mm±0.58 (mean±SD) in the right
and 3.63 mm±0.59 in the left hip (range 2.34–6.1 mm)
(Table II). JSWs of right and left hips did not differ sig-
nificantly (Friedman P0.19), however, the correlation
between the JSW of the right and left hips was lower than
expected (Spearman’s 0.67, P<0.001).
There was no age-related decline in the JSW, either
by decade (Kruskal–Wallis P0.5 and 0.6, for right and
left hips, respectively) or by individual age (Spearman’s
0.108 and 0.057, P0.3 and 0.5 for right and left hips,
Fig. 1. A representative scheme of a dial caliper.
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respectively; Fig. 2). When analyzed separately for women
and men, results of correlation between JSW and age did
not differ (Spearman’s 0.008 and 0.148, P1.0 and
0.3 for right and left hips of women, respectively, and
−0.176 and 0.011, P0.19 and 0.9 for right and left hips of
men, respectively).
A majority of the subjects had K–L grades of 0 or 1
(normal or equivocal evidence of early radiographic OA);
no subjects had K–L grades of 3 or higher. Of the 115
subjects with adequate views of both hips, 14 had K–L
grade of 2 in at least one joint. These subjects were
asymptomatic and could not be considered to have clinical
OA. Nonetheless, the mean JSW of the 14 patients with
mild radiographic OA (K–L grade 2) was somewhat smaller
than that of the patients without radiographic OA (3.36 vs
3.64 mm and 3.44 vs 3.66 mm, for right and left hips,
respectively); however, the difference was not statistically
significant (Mann–Whitney P0.09 and 0.3, respectively;
Table II). Similarly, correlation analyses excluding these 14
subjects did not alter the findings (Table III).
Women had significantly narrower hip JSW than men
(Mann–Whitney P0.001 and 0.01, right and left hips,
respectively). However, gender was no longer significant
after height was taken into account by means of a multiple
regression, with both height and gender as independent
variables (gender P0.26 and 0.45, for right and left hips,
respectively). JSW correlated significantly with height and
weight (which also correlated with height) (Pearson’s
r0.31/0.27 and 0.29/0.28 for height and weight, right/left
hip, respectively, P0.001/0.004 and 0.002/0.003), but not
with BMI (P0.62 and 0.57, right and left hips, respectively;
Fig. 3). Hip JSW significantly correlated also with femoral
head diameter and leg length (Pearson’s r0.38/0.29 and
0.25/0.19 for femoral head and leg length, right/left hip,
respectively; Fig. 4).
The site of measurement differed depending on the
location of the narrowest JSW, as superomedial, superior
or superolateral. Site was not related to gender (P0.56
and 0.20 for right and left hips, respectively), weight (one-
way ANOVA P0.38 and 0.98 for right and left hips
respectively) or BMI (one-way ANOVA P0.10 for both
right and left hips). Although site for the right hip was not
Table I
Characteristics of the study patients
Number of patients (total) 118
Women 58
Men 60
Age distribution in years, n (women/men)
20–29 31 (14/17)
30–39 20 (10/10)
40–49 22 (11/11)
50–59 20 (10/10)
60–69 14 (7/7)
70–79 11 (6/5)
Height, cm, mean±SD (range) 165±10 (143–186)
Weight, kg, mean±SD (range) 70±10 (45–96)
BMI*, mean±SD (range) 25.9±4.4 (17.0–40.3)
Femoral head diameter, cm, mean±SD
(range)
5.4±0.5 (4.4–6.4)
Leg length, cm, mean±SD (range) 85±6 (65–103)
*BMI=body mass index.
Table II
JSW measurement of the right and left hips
Right JSW
(mm)
Left JSW
(mm)
Mean±SD (entire group) 3.61±0.58 3.63±0.59
Minimum 2.41 2.34
Maximum 6.05 5.57
Mean±SD (K–L grade 0 or 1) 3.64±0.57 3.66±0.59
Minimum 2.41 2.34
Maximum 6.05 5.57
Age (years)
20–29, mean±SD 3.67±0.65 3.62±0.43
30–39, mean±SD 3.62±0.65 3.57±0.44
40–49, mean±SD 3.68±0.51 3.76±0.64
50–59, mean±SD 3.45±0.47 3.48±0.55
60–69, mean±SD 3.75±0.87 3.80±0.71
70–79, mean±SD 3.36±0.39 3.60±0.48
Gender
Women, mean±SD 3.43±0.40 3.48±0.68
Men, mean±SD 3.78±0.67 3.77±0.44
Fig. 2. JSW as a function of age. Top panel: right hip JSW. Bottom
panel: left hip JSW. There was no age-related change in the JSW,
either by decade (Kruskal–Wallis P0.5 and 0.6, for right and left
hips, respectively), or by individual age (Spearman’s 0.108
and 0.057, P0.3 and 0.5 for right and left hips, respectively).
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related to height (one-way ANOVA P0.06), location of the
left hip narrowest JSW at the superomedial site was
associated with shorter height (one-way ANOVA P0.012).
There were no statistically significant differences between
sites with respect to the narrowest JSW (Kruskal–Wallis
P0.3 and 0.6 for right and left hips, respectively).
Table III
Correlations of JSW as a function of physical parameters
JSW right hip (n=115) JSW left hip (n=118)
Correlation coefficient P value Correlation coefficient P value
Age
Study group −0.108 0.25 0.057 0.54
Women (n=58) −0.008 0.96 0.148 0.27
Men (n=60) −0.176 0.19 0.011 0.93
K–L 0 and 1 (n=101) −0.064 0.52 0.100 0.32
Height 0.31 0.001 0.27 0.004
Weight 0.29 0.002 0.28 0.003
BMI 0.05 0.62 0.05 0.57
Femoral head diameter 0.38 <0.0005 0.29 <0.0005
Leg length 0.25 0.007 0.19 0.039
JSW correlated significantly with height, weight (which also correlated with height), femoral head diameter and leg length, but not with BMI.
Fig. 3. JSW as a function of height (top panels) and weight (bottom panels) for right and left hips. JSW correlated significantly both with height
and weight (which also correlated with height) (Pearson’s r0.31/0.27 and 0.29/0.28 for height and weight, right/left hips, respectively,
P<0.004 for each), but not with BMI (P0.62 and 0.57, right and left hips, respectively).
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Discussion
There was no effect of aging on hip JSW in this popu-
lation of patients with clinically normal hips, either in the
entire study group, or when male and female genders
were analyzed separately. However, height, femoral head
diameter and leg length, but not BMI, correlated signifi-
cantly with JSW. Thus, the progressive narrowing of JSW,
previously observed in asymptomatic hips among patients
with OA, probably represents a pathologic process rather
than normal aging. Quantitative JSW measurements have
been employed as surrogate measures of the articular
cartilage thickness1,14,15, and have been advocated to
demonstrate the effects of potential disease-modifying OA
drugs in the knees16, as well as in the hips1,17. In the hip,
joint-space narrowing has been reported to be the single
most important variable in determining radiographic pro-
gression of OA, if a single radiographic finding is to be
used18. As assessment of the radiographic JSW of the hip
becomes important for the longitudinal evaluation of OA
progression, it becomes critical to understand and to define
the natural history of the radiographic JSW during normal
aging. During normal aging, compressive stiffness and
histological appearance of the articular cartilage do not
appear to change significantly2. Femoral head articular
cartilage has shown a significant increase in thickness with
aging only from 18 to 45 years, but no highly significant
correlation was detected when analyses were performed
on patients aged from 25 to 68 years19. The findings of the
present study are consistent with these histological and
anatomic observations. Age-related changes of the radio-
graphic JSW of the hip were not observed among normal
(non-arthritic) patients at any ages, and the results did not
differ when asymptomatic subjects without clinical evidence
for hip OA, but with mild radiographic OA changes (K–L
grade 2), were included.
Although quantitative assessments of the radiographic
JSW of the hip based on supine abdominal X-rays may
differ from those obtained from AP pelvis radiographs to
some degree because of differences in positioning and
Fig. 4. JSW as a function of femoral head diameter (top panels) and lower extremity limb length (bottom panels) for right and left hips. Hip
JSW significantly correlated both with femoral head diameter and with lower extremity limb length (Pearson’s r0.38/0.29 and 0.25/0.19 for
femoral head and limb length, right/left, respectively).
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direction of the X-ray beam20, it is unlikely that these
differences affected the results of the correlation analysis
reported in this study, as the study radiographs were all
performed under the same conditions. Moreover, we pre-
viously validated the reproducibility of assessing hip JSW
based on abdominal X-rays and demonstrated good corre-
lation on a population basis with the JSW obtained from the
standard view21. Finally, in this study, patient positioning
was performed by one of the authors and the distance
between the X-ray source and the film was standardized,
thus minimizing any radiographic-magnification effect22.
A potential confounding variable for this evaluation is that
there may be geographical and demographic variations in
the effects of aging on radiographic JSWs in the hips, and
all the study patients were Turkish. It is clear that there is
geographical variation in the prevalence of radiographic hip
OA10,23–26, comparable effects among normals cannot be
excluded. However, the prevalence of radiographic OA
among Turks is intermediate between East Asians and
Northern Europeans23,24,26; because of pending compara-
ble analyses of normal JSWs in widely varying demo-
graphic groups, it may be reasonable to expect that the
behavior observed in this study may be generalized. In
addition, some previous studies have failed to identify
correlations between height or weight and hip JSW9 or
thickness of femoral head articular thickness19. The results
of the present study contrast with these findings. However,
positive correlations were identified not only between JSW
and height, but also between JSW and leg length and
femoral head diameter. Thus, these findings suggest that a
tall person or a person with large bones might have thicker
cartilage at baseline, and if lost at a constant rate, the
cartilage may last longer compared with that of a shorter
subject with small bones. However, it is not known whether
the rate of JSW loss in OA is also related to these physical
parameters, i.e., height, leg length and femoral head diam-
eter. Larger longitudinal studies on early OA patients are
needed to better understand the role of the physical param-
eters on the rate of JSW narrowing, once the OA process
has been initiated.
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